Advanced Air Force weapons systems require the real -time processing of data obtained from a multitude of sensors at data rates which exceed current capabilities. In addition, the advent of advanced sophisticated radars and other new information sensing devices for use by the tactical forces has created a requirement for an economical method of communicating large volumes of data in a rapid secure manner. These requirements necessitate the development of parallel processing techniques such as optical processing. Therefore, the Air Force is actively pursuing scientific research and exploratory development into both optical image and optical signal processing. This paper will describe the ongoing Air Force programs in these areas with special emphasis on spatial light modulators, holographic optical elements, non -linear optical processing, and optical correlators.
Introduction
The Air Force has initiated a contractual research program in optical processing in response to a demand for the real -time operation of increasingly complex weapons and command /control systems. This real -time requirement will continue to require research to pursue higher throughput rates for information processors, and optical processing with its vast parallelness at low power and cost is very promising.
The overall objective of this Air Force research program is to increase the flexibility of optical processors to the point of being able to perform any operation that is suitable for parallel processing.
In command and control systems and advanced weapon systems, there exists a requirement for real-time processing of image data.
In image recognition systems, for example, recognition is achieved by correlating the information sensed from the environment with information in a stored data base. Since many different correlations will often have to be performed before image recognition occurs, optical image processing is a most attractive technology.
Some of the major areas of interest to the Air Force for optical processing are terminal guidance, synthetic aperture radar, threat identification, and data compaction. These mission areas all require real -time parallel processors that must be small, light weight, and low power for airborne applications.
A more thorough description of the application of optical processing to one of the above areas of interest will provide more insight into the Air Force interest in optical processing. Terminal guidance refers not only to regular trajectory missile guidance from point of acquisition to point of strike but also to the more complex terrain following systems. The state -of-the -art in the use of optical processing for terminal guidance is represented by the Goodyear Correlatron which is currently under test by the Army as a radar area correlator to be used on the Pershing lI missiles. The Air Force research program should be instrumental in advancing the state -of-the -art considerably by investigating coherent optical correlators.
This includes investigations into coherent light modulators for inputing the data into the processor in real -time; holographic optical elements for realizing small, light weight, low cost processors; and non -linear filters for increasing the processing flexibility. There remains many interesting research problems to be pursued, especially with respect to applying optical processing in terrain following guidance processors.
The remainder of this paper will describe more specifically the existing research efforts being supported by the Air Force which employ optics to process image and signal information. The program is subdivided into Optical Image Processing and Optical Signal Processing; however, this division is sometimes very arbitrary when dealing with scientific research.
Optical Image Processing Optical Modulators
The full advantage of optical processing cannot be realized until a means is found for entering the information into the processor at rates somewhat commensurate with the capacity of the optics themselves. The interest is in fast, sensitive, high resolution, good optical quality light modulators. Currently,
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The Air Force has initiated a contractual research program in optical processing in response to a demand for the real-time operation of increasingly complex weapons and command/control systems. This real-time requirement will continue to require research to pursue higher throughput rates for information processors, and optical processing with its vast parallelness at low power and cost is very promising. The overall objective of this Air Force research program is to increase the flexibility of optical processors to the point of being able to perform any operation that is suitable for parallel processing.
In command and control systems and advanced weapon systems, there exists a requirement for real-time processing of image data. In image recognition systems, for example, recognition is achieved by correlating the information sensed from the environment with information in a stored data base. Since many different correlations will often have to be performed before image recognition occurs, optical image processing is a most attractive technology.
Some of the major areas of interest to the Air Force for optical processing are terminal guidance, synthetic aperture radar, threat identification, and data compaction. These mission areas all require real-time parallel processors that must be small, light weight, and low power for airborne applications.
A more thorough description of the application of optical processing to one of the above areas of interest will provide more insight into the Air Force interest in optical processing. Terminal guidance refers not only to regular trajectory missile guidance from point of acquisition to point of strike but also to the more complex terrain following systems. The state-of-the-art in the use of optical processing for terminal guidance is represented by the Goodyear Correlatron which is currently under test by the Army as a radar area correlator to be used on the Pershing II missiles. The Air Force research program should be instrumental in advancing the state-of-the-art considerably by investigating coherent optical correlators. This includes investigations into coherent light modulators for inputing the data into the processor in real-time; holographic optical elements for realizing small, light weight, low cost processors; and non-linear filters for increasing the processing flexibility. There remains many interesting research problems to be pursued, especially with respect to applying optical processing in terrain following guidance processors.
Optical Image Processing Optical Modulators
The full advantage of optical processing cannot be realized until a means is found for entering the information into the processor at rates somewhat commensurate with the capacity of the optics themselves. The interest is in fast, sensitive, high resolution, good optical quality light modulators. Currently, research is being conducted into both electronically and optically addressed thermoplastic modulators and into an optically addressed electro -optic modulator employing a microchannel array plate.
The electronically addressed thermoplastic modulator is specifically being developed for the input of wideband electronic signals into coherent optical processors for raster format spectrum analysis; but, it could just as well be employed in image processing. The modulator currently operates with a 1000 x 1000 resolution, a dynamic range of 45 db, a recording bandwidth of 32 MHz at the 6 db points and 70 MHz at the 26 db points, and a space-bandwidth product of 106. This type of modulator has successfully demonstrated real -time processing of spot -light mode synthetic aperture imagery as reported at the SPIE Symposium last August (ref. Proceedings of the SPIE, Vol 83, "The ERIM TOPR in Optical Data Processing," August 1976, pp 8 -13).
The other two modulators are being investigated with the terminal guidance mission in mind.
The thermoplastic device is discussed in detail in another paper in this Proceedings entitled Compact Real -Time Matched -Filter Optical Processor. The Microchannel Optical Modulator consists basically of a photocathode, a microchannel array plate (MCP) and an electro -optic plate. This plate carries a high resistivity dielectric mirror on one side and a transparent conducting electrode on the other. The input signal illuminates the photocathode and produces, at the back of the MCP, an amplified electron image of the optical intensity.
The electron image is deposited on the dielectric mirror, and this charge distribution induces a corresponding spatially-varying refractive index in the electro -optic material which, by means of the longitudinal electro -optic effect, modulates the read -out laser beam. Calculations and preliminary results indicate that such a modulator should be capable of framing at speeds well in excess of 1 KHz, offer a typical resolution of 50 line pairs /mm, and exhibit a sensitivity of better than .01 erg /cm.
Holographic Optical Elements (HOEs)
HOEs are thin film optics working on the principal of diffraction. They are capable of replacing the conventional refractive and reflective elements of optical systems. Their light weight and low cost make them very appealing for use in optical processors for airborne and missile applications. Detailed discussions on two of the three HOE research efforts being supported by the Air Force may be found in two other papers in this Proceedings -"Space-Variant Holographic Optics Using Phase -Coded Reference Beams" and "Compact Real -Time Matched Filter Optical Processor ". The third effort is in the area of HOE recording materials, namely dichromated gelatin, and has resulted in techniques for controlling light scattering in the gelatin.
The overall goals are to realize the following characteristics: exposure energy less than 150 mJ /cm2 at 514.5 nm, refractive index modulation greater than 0.05, diffraction efficiency greater than 80%, and scattering noise less than 5%.
Optical Correlators
This is the area in which the effort is most closely in support of the terminal guidance mission.
The research is surveying and comparing the various optical processing approaches to missile guidance on the basis of input resolution, grey scale requirements, quantity of stored reference imagery needed, real-time light modulators needed, cycle times required, accuracy expected, processing needed, etc. Some of the effort is described in detail in one of the succeeding papers entitled "Optical Image Processing For Missile Guidance ". Noise Reduction A significant limitation on coherent optical processor accuracy is the existence of coherent noise or speckle.
Research is being undertaken to better understand the phenomena of speckle, especially as it impacts on optical processing.
In addition, an effort is being expended toward performing optical information processing with incoherent light in such a manner that the resulting systems obey the laws of coherent optics while eliminating coherent noise. When a polychromatic source is used in forming an interference pattern, the various wavelength components produce fringe patterns which do not coincide; hence, the resultant fringe pattern, formed by superposition of the fringes for all wavelengths, will generally be so reduced in contrast as to render optical processing ineffective. This research will attempt to modify the fringe forming system so that the fringes produced by all wavelengths will be in registry and of the same periodicity.
Image Compression
The Air Force is supporting a considerable number of efforts in image compression, three of which may be characterized as optical processing.
One of these is investigating techniques of implementing a hybrid optical-digital video bandwidth compression system including optical Fourier transforming, holography, Schlieren optics, and optical Hadamard transforming. Whereas this effort is looking into one of the two main categories of compression techniques, i.e. transform methods, one of the other research efforts is investigating the other category which is time domain methods.
An optical differential pulse code modulation (DPCM) method and an optical interpolation scheme will be simulated digitally, and their performances will be evaluated for various design alterations in order to determine the advisability of pursuing the optical implementation of either compression scheme. With respect to the DPCM scheme, emphasis will be placed on investigating various feedback structures, while for the interpolation scheme, both stochastic and deterministic basis functions will be investigated for use in the interpolator. The other two modulators are being investigated with the terminal guidance mission in mind. The thermoplastic device is discussed in detail in another paper in this Proceedings entitled Compact Real-Time Matched-Filter Optical Processor. The MicroChannel Optical Modulator consists basically of a photocathode, a microchannel array plate (MCP) and an electro-optic plate. This plate carries a high resistivity dielectric mirror on one side and a transparent conducting electrode on the other. The input signal illuminates the photocathode and produces, at the back of the MCP, an amplified electron image of the optical intensity. The electron image is deposited on the dielectric mirror, and this charge distribution induces a corresponding spatially-varying refractive index in the electro-optic material which, by means of the longitudinal electro-optic effect, modulates the read-out laser beam. Calculations and preliminary results indicate that such a modulator should be capable of framing at speeds well in excess of 1 KHz, offer a typical resolution of 50 line pairs/mm, and exhibit a sensitivity of better than .01 erg/cm.
Holographic Optical Elements (HOEs)
HOEs are thin film optics working on the principal of diffraction. They are capable of replacing the conventional refractive and reflective elements of optical systems. Their light weight and low cost make them very appealing for use in optical processors for airborne and missile applications. Detailed discussions on two of the three HOE research efforts being supported by the Air Force may be found in two other papers in this Proceedings -"Space-Variant Holographic Optics Using Phase-Coded Reference Beams" and "Compact Real-Time Matched Filter Optical Processor". The third effort is in the area of HOE recording materials, namely dichromated gelatin, and has resulted in techniques for controlling light scattering in the gelatin. The overall goals are to realize the following characteristics: exposure energy less than 150 mJ/cm at 51^-5 nm, refractive index modulation greater than 0.05, diffraction efficiency greater than 80%, and scattering noise less than 5%.
Optical Correlators
This is the area in which the effort is most closely in support of the terminal guidance mission. The research is surveying and comparing the various optical processing approaches to missile guidance on the basis of input resolution, grey scale requirements, quantity of stored reference imagery needed, real-time light modulators needed, cycle times required, accuracy expected, processing needed, etc. Some of the effort is described in detail in one of the succeeding papers entitled "Optical Image Processing For Missile Guidance".
Noise Reduction
A significant limitation on coherent optical processor accuracy is the existence of coherent noise or speckle. Research is being undertaken to better understand the phenomena of speckle, especially as it impacts on optical processing.
Image Compression
The Air Force is supporting a considerable number of efforts in image compression, three of which may be characterized as optical processing. One of these is investigating techniques of implementing a hybrid optical-digital video bandwidth compression system including optical Fourier transforming, holography, Schlieren optics, and optical Hadamard transforming. Whereas this effort is looking into one of the two main categories of compression techniques, i.e. transform methods, one of the other research efforts is investigating the other category which is time domain methods. An optical differential pulse code modulation (DPCM) method and an optical interpolation scheme will be simulated digitally,'and their performances will be evaluated for various design alterations in order to determine the advisability of pursuing the optical implementation of either compression scheme. With respect to the DPCM scheme, emphasis will be placed on investigating various feedback structures, while for the interpolation scheme, both stochastic and deterministic basis functions will be investigated for use in the interpolator.
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The final effort, employing the Fourier transform for image compression, is developing an acoustooptic two -dimensional analogue Fourier transform device capable of operating at least as fast as the standard TV scan rate.
The complete processing device will utilize an input acoustic transducer to perform the incoherent -to-coherent conversion, an acoustical lens to perform the Fourier transform, spatial filtering masks (if desired) to perform such operations as image enhancement and pattern recognition, and an output transducer to allow read -out of the processed image.
Non -linear Processing
One of the major limitations of optical processing has been the fundamental difficulty in performing general types of non -linear operations. Non -linear filtering operations can be performed in coherent optical systems with the help of the halftone screen process which is a special photographic procedure used predominantly in the printing industry. A halftone contact screen is composed of a periodic array of vignetted dots and it is used in conjunction with a hard -clipping film; i.e., a film with a very large gamma.
A continuous tone light distribution falling on the screen is modulated by the density profile of the dots. The modulated light distribution is then hard -clipped by the high gamma copy film, producing solid dots of equal density but of varying size.
By using specially fabricated halftone screens, a very wide class of two -dimensional point non -linear functions may be implemented with large dynamic range as a function of screen design and diffraction order. Operations such as logarithms, exponentiations, level slicing, intensity bandstop, and histogram equalization can be performed.
A supporting effort to this non -linear filtering research is an investigation into the liquid crystal light valve (LCLV) in an attempt to realize the hard -clipping operation in real -time. The LCLV transfer function will be optimally modified so that the light valve can substitute for the non -linear film that is currently employed in non -linear filtering. An interesting effect that is being investigated is the formation of grating -like periodic structures in liquid crystals under certain conditions.
The period is proportional to the applied field and, if incorporated into the LCLV, the period can be made dependent upon the input light intensity. An LCLV incorporating this effect may be able to code non-linear transformations without using halftone masks.
Optical Signal Processing Optical Computation
Residue arithmetic has long been proposed and investigated as a means of speeding up the performance of arithmetic processors; however, none of the processing technologies to date have been able to handle in realtime the required conversion process to and from the residue format. Some emerging technologies such as array processing and optical processing show promise for providing the necessary real -time conversion.
The
Air Force is supporting work into residue computing that will include a comprehensive investigation of optical techniques for realizing this conversion.
If the value of a number is represented by the spatial location of a spot of light, the operations of residue conversion, addition, subtraction, multiplication, and reconversion can be performed by certain elements called "maps" that change the spatial location of the spot in accord with the operation to be performed. The basic components of an optical residue computer, therefore, are prearranged elements that map a set of possible input spot locations into a set of output spot locations and a device that selects between the various mapping elements.
The realization of these functions is one of the major objectives of this research.
Also in the realm of optical computation is an investigation into optical analog and hybrid computing techniques for solving two-and three -dimensional partial differential equations.
The differentiation and integration involved in solving partial differential equations may be achieved by placing special filters in the Fourier transform plane of an optical processor. Filters can also be fabricated that will permit the solution of both non -linear partial differential equations and equations whose coefficients are functions of the independent variables.
In the hybrid system a scanned laser beam will be used to write computer generated filters in real -time for high speed solutions. Plans also call for introducing optical gain in order to produce an optical operational amplifier. A two -dimensional operational amplifier can be made by placing an optically active element in the Fourier transform plane of the computer, thus creating the counterpart to the operational amplifier of the electronic analog computer.
Estimation and Identification
In practical signal processing systems, non -linearity is the rule rather than the exception, and improved signal filtering, estimation, and tracking methods for such systems are definitely needed. Means for filtering, estimation, and identification of such signals are mostly based on assumptions of linearity of the system model and gaussian statistics of stochastic disturbances which frequently lead to inaccurate and undesirable behavior.
Ongoing research is realizing the fundamental equations of non -linear filtering through the use of a multidimensional convolution task. Real -time convolvers will be synthesized in two different ways -analog methods employing optical processing, and digital methods employing an array processor.
Several analog techniques for performing the two-dimensional convolution integral have been evaluated and an incoherent optical LED array system has been selected because it offered the greatest potential for fulfilling the non-linear filtering requirements. These requirements are: 20 millisecond convolutions, The final effort, employing the Fourier transform for image compression, is developing an acoustooptic two-dimensional analogue Fourier transform device capable of operating at least as fast as the standard TV scan rate. The complete processing device will utilize an input acoustic transducer to perform the incoherent-to-coherent conversion, an acoustical lens to perform the Fourier transform, spatial filtering masks (if desired) to perform such operations as image enhancement and pattern recognition, and an output transducer to allow read-out of the processed image.
Non-linear Processing
One of the major limitations of optical processing has been the fundamental difficulty in performing general types of non-linear operations. Non-linear filtering operations can be performed in coherent optical systems with the help of the halftone screen process which is a special photographic procedure used predominantly in the printing industry. A halftone contact screen is composed of a periodic array of vignetted dots and it is used in conjunction with a hard-clipping film; i.e., a film with a very large gamma. A continuous tone light distribution falling on the screen is modulated by the density profile of the dots. The modulated light distribution is then hard-clipped by the high gamma copy film, producing solid dots of equal density but of varying size. By using specially fabricated halftone screens, a very wide class of two-dimensional point non-linear functions may be implemented with large dynamic range as a function of screen design and diffraction order. Operations such as logarithms, exponentiations, level slicing, intensity bandstop, and histogram equalization can be performed.
A supporting effort to this non-linear filtering research is an investigation into the liquid crystal light valve (LCLV) in an attempt to realize the hard-clipping operation in real-time. The LCLV transfer function will be optimally modified so that the light valve can substitute for the non-linear film that is currently employed in non-linear filtering. An interesting effect that is being investigated is the formation of grating-like periodic structures in liquid crystals under certain conditions. The period is proportional to the applied field and, if incorporated into the LCLV, the period can be made dependent upon the input light intensity. An LCLV incorporating this effect may be able to code non-linear transformations without using halftone masks.
Optical Signal Processing Optical Computation
Residue arithmetic has long been proposed and investigated as a means of speeding up the performance of arithmetic processors; however, none of the processing technologies to date have been able to handle in realtime the required conversion process to and from the residue format. Some emerging technologies such as array processing and optical processing show promise for providing the necessary real-time conversion. The Air Force is supporting work into residue computing that will include a comprehensive investigation of optical techniques for realizing this conversion. If the value of a number is represented by the spatial location of a spot of light, the operations of residue conversion, addition, subtraction, multiplication, and reconversion can be performed by certain elements called "maps" that change the spatial location of the spot in accord with the operation to be performed. The basic components of an optical residue computer, therefore, are prearranged elements that map a set of possible input spot locations into a set of output spot locations and a device that selects between the various mapping elements. The realization of these functions is one of the major objectives of this research.
Also in the realm of optical computation is an investigation into optical analog and hybrid computing techniques for solving two-and three-dimensional partial differential equations. The differentiation and integration involved in solving partial differential equations may be achieved by placing special filters in the Fourier transform plane of an optical processor. Filters can also be fabricated that will permit the solution of both non-linear partial differential equations and equations whose coefficients are functions of the independent variables. In the hybrid system a scanned laser beam will be used to write computer generated filters in real-time for high speed solutions. Plans also call for introducing optical gain in order to produce an optical operational amplifier. A two-dimensional operational amplifier can be made by placing an optically active element in the Fourier transform plane of the computer, thus creating the counterpart to the operational amplifier of the electronic analog computer.
Estimation and Identification
In practical signal processing systems, non-linearity is the rule rather than the exception, and improved signal filtering, estimation, and tracking methods for such systems are definitely needed. Means for filtering, estimation, and identification of such signals are mostly based on assumptions of linearity of the system model and gaussian statistics of stochastic disturbances which frequently lead to inaccurate and undesirable behavior. Ongoing research is realizing the fundamental equations of non-linear filtering through the use of a multidimensional convolution task. Real-time convolvers will be synthesized in two different ways -analog methods employing optical processing, and digital methods employing an array processor.
Several analog techniques for performing the two-dimensional convolution integral have been evaluated and an incoherent optical LED array system has been selected because it offered the greatest potential for fulfilling the non-linear filtering requirements. These requirements are: 20 millisecond convolutions, /SPIE Vol. 118 Optical Signal and Image Processing (IOCC 1977) capability of handling 2,000 point masses at the present time with potential for expansion to 20,000, near -term accuracy of 1% and far -term potential for 0.1% accuracy. The major question concerning the analog (optical) approach is whether or not the required accuracy can be achieved.
Radar Signal Processing
Coherent optical processing offers the potential to perform real -time spectrum analysis and radar signal processing on 100 MHz bandwidth signals with time-bandwidth products of 106 -107.
The major problem consists of inputing the data into the processor via a suitable light modulator. Optically addressed light modulators show great promise of realizing the large time -bandwidth products required; however, an appropriate light scanner must be developed and interfaced with the modulator. The resulting scanner/ modulator not only offers a comparable processing capacity to electronically addressed modulators but also offers the prospect for a completely solid state (no moving parts) operation thus avoiding complications associated with vacuum envelopes used in the e-beam devices. The scanner development effort has the following performance goals: 1000 raster scan lines with 1000 resolvable spots per line, a spot recording rate of 200 MHz, a recording window of 1 square inch maximum, a recording duty cycle of 98%, and a linear dynamic range of 45 db in light intensity at the recording surface.
Another research effort is investigating the temporal compression of frequency -modulated, high-energy laser pulses by dispersive pulse compression filters for laser radar and communications applications. The objective is to identify experiments which can efficiently compress pulses of greater than 100 nanoseconds duration to widths of one nanosecond or less.
Spread Spectrum Signal Acquisition
Acquisition is the process of adjusting the phase of a local replica of the incoming sequence to the phase of the received sequence so as to regain the information signal from the spread spectrum signal.
The phase locked loop is perhaps the most pupular device used for acquisition; however, the normal phase locked loop does not perform well where the signal has a changing amplitude as is the case for pseudo-random sequence spread spectrum systems.
In this case, a double-side-band -suppressed -carrier procedure may be used to provide the feedback control voltage to the voltage-controlled oscillator (VCO).
The resulting linear receiver is known as a Costas phase locked loop. If an appropriate non -linear processor could be developed for use in the feedback path of the Costas loop, the system could conceivably be designed to acquire in a minimum time. Also, the pull -in range of the loop can be increased by employing injection locking which controls the oscillator by a voltage proportional to the frequency offset between the incoming signal and the oscillator.
Probably the simplest way of generating this control voltage is to Fourier transform the difference signal which will generate a voltage that will peak at a time proportional to frequency.
The practical problem facing this method is the processing time required; however, the proposed effort will investigate the use of an optical Fourier transformer.
Another approach that is being pursued involves the use of incoherent rather than coherent optics. Two distinct incoherent techniques are being addressed. The most sophisticated approach uses a two pupil plane mask to create a desired spatial filter on the system OTF. The more straightforward approach employs shadow casting to correlate an input signal with a function stored on a transparency. Although the spacebandwidth product of the shadow casting correlator is limited by diffraction, the correlation retains the parallel processing advantage of coherent optics and is compatible with a high speed read -out system, which is most attractive for the problem of code acquisition in spread spectrum communication systems. capability of handling 2,000 point masses at the present time with potential for expansion to 20,000, near-term accuracy of \% and far-term potential for 0.1% accuracy. The major question concerning the analog (optical) approach is whether or not the required accuracy can be achieved.
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Radar Signal Processing
Coherent optical processing offers the potential to perform real-time spectrum analysis and radar signal processing on 100 MHz bandwidth signals with time-bandwidth products of 10^ -10?. The major problem consists of inputing the data into the processor via a suitable light modulator. Optically addressed light modulators show great promise of realizing the large time-bandwidth products required; however, an appropriate light scanner must be developed and interfaced with the modulator. The resulting scanner/ modulator not only offers a comparable processing capacity to electronically addressed modulators but also offers the prospect for a completely solid state (no moving parts) operation thus avoiding complications associated with vacuum envelopes used in the e-beam devices. The scanner development effort has the following performance goals: 1000 raster scan lines with 1000 resolvable spots per line, a spot recording rate of 200 MHz, a recording window of 1 square inch maximum, a recording duty cycle of 98%, and a linear dynamic range of 45 db in light intensity at the recording surface.
Another research effort is investigating the temporal compression of frequency-modulated, high-energy laser pulses by dispersive pulse compression filters for laser radar and communications applications. The objective is to identify experiments which can efficiently compress pulses of greater than 100 nanoseconds duration to widths of one nanosecond or less.
Spread Spectrum Signal Acquisition
Acquisition is the process of adjusting the phase of a local replica of the incoming sequence to the phase of the received sequence so as to regain the information signal from the spread spectrum signal. The phase locked loop is perhaps the most pupular device used for acquisition; however, the normal phase locked loop does not perform well where the signal has a changing amplitude as is the case for pseudo-random sequence spread spectrum systems. In this case, a double-side-band-suppressed-carrier procedure may be used to provide the feedback control voltage to the voltage-controlled oscillator (VCO). The resulting linear receiver is known as a Costas phase locked loop. If an appropriate non-linear processor could be developed for use in the feedback path of the Costas loop, the system could conceivably be designed to acquire in a minimum time. Also, the pull-in range of the loop can be increased by employing injection locking which controls the oscillator by a voltage proportional to the frequency offset between the incoming signal and the oscillator. Probably the simplest way of generating this control voltage is to Fourier transform the difference signal which will generate a voltage that will peak at a time proportional to frequency. The practical problem facing this method is the processing time required; however, the proposed effort will investigate the use of an optical Fourier transformer.
Another approach that is being pursued involves the use of incoherent rather than coherent optics. Two distinct incoherent techniques are being addressed. The most sophisticated approach uses a two pupil plane mask to create a desired spatial filter on the system OTF. The more straightforward approach employs shadow casting to correlate an input signal with a function stored on a transparency. Although the spacebandwidth product of the shadow casting correlator is limited by diffraction, the correlation retains the parallel processing advantage of coherent optics and is compatible with a high speed read-out system, which is most attractive for the problem of code acquisition in spread spectrum communication systems.
